INTRODUCTION
Surgery is as old as the mankind, and use of sutures dates back to the times of earliest human knowledge in the field of surgery (6, 7, 8) .
Throughout the history the most diverse suture material have been used for closing and suturing surgical wounds. The most ancient suture materials include animal tendons and hairs, as well as herbal fibers such as linen, hemp, and different grass species. Some Egyptian papers, dating back some 5000 years ago, display scenes of suturing wounds with linen fibers. A famous Roman medicus, Galen, introduced sutures made of animal intestines into the surgery (6, 7, 8) .
Since Renaissance times until 1940 there were substantial changes with respect to the kind of suture materials used, which involved catgut, cotton and surgical silk. The first synthetic suture materials were nylon and polyester, produced in the 1940's. Soon afterwards polyethylene and polypropylene were developed. In 1970 the polyglycolic acid was "put on stage," which is known under the licensed name DEXON (Davies+Geck inc., Great Britain). During 197, the polyglactine 910, which is an essential component of the VICRYL-a (Ethicon Inc., Great Britain), was put on market (6, 7, 8) .
The four basic features of suture material are knot safety, stretch capacity, tissue reactivity and wound safety. Knot safety implies capacity of suture material to retain the strength and firmness of the knot, without slackening in the unit of time. It is reverse-proportional to a suture thickness, and directly proportional to its quality and functional output. Stretch capacity of the suture material is defined as a stretch power capacity per unit of area. The wound safety is directly related with suture capacity that is required for safe healing of the wound. Tissue reaction is reflected through an inflammatory reaction, even the minimum one, which develops during the first two to seven days after stitch application into the tissue (6, 7, 8) .
The wound healing process encompasses three basic stages -the inflammatory, fibroblastic and remodeling ones. The inflammatory phase begins at the moment of injury, and lasts 3-5 days provided that there is no prolonged inflammation. The main characteristic of the wound in this phase is formation of fibrins of decreased firmness. During the stadium of fibroblastic phase, the fibrin bands permeate the wound building a frame, on which fibroblasts accumulate the ground substance and tropocollagen. Despite poor collagen synthesis, the firmness of the wound increases rapidly during the fibroblastic stadium, lasting 2-3 weeks. At the end of this phase, the wound becomes tight -because of excess collagen, erythematous -because of high degree of vascularization and capable to withstand 70%-80% of the tension of a healthy tissue. During the remodeling phase, substantial amounts of randomly deposited collagen fibers are eliminated and replaced by new fibrils, arranged in a pattern that enables higher firmness of the wound. In this stadium the firmness of the wound increases, yet not exceeding the rate of 80-85% of the firmness of a healthy tissue. (6, 7, 8) .
THE AIM
The aim of this study was to investigate influence of a monofilament suture material (nylon) on the intensity of local tissue reaction in experimental conditions, and to compare it with the multifilament suture used in the routine practices of oral surgery (silk).
MATERIAL AND METHODS
The investigation was performed on 30 Wistar rats, aged 3-6 months and with body mass ranging 250-350 g. All experimental animals were distributed into the 3 groups of 10 animals each, according to the time of sampling during the postoperative period (day 2, day 5, and day 7).
On a day of surgery, each animal was anesthetized with 10% urethane (1 ml per 100 gr. body mass). The research design implied making two mucoperiosteal flaps in the anterior segment, i.e. on the right side in the upper jaw and on the left side in the lower jaw. A mucoperiosteal flap was produced by horizontal incision in the attached gingiva, and two vertical relaxation incisions. Horizontal incision was placed 5 mm from the gingival margin. Flap mobilization was performed using Freer raspatorium. Each animal undergone cortex trepanation in the line with the tooth root, interradicularly. Cortex trepanation was performed using round steel borer, 3 mm in diameter, with abundant douching of the drill and working area with sterile physiological saline. Each flap was ecarted for 15 minutes, and then returned to its original location and sutured.
The following suture materials were used: (1) monofilament synthetic material (Nylon ® ), thickness 4/0, needle with thread, round bodied, curvature 3/8 circle "DR 25"; (2) polyfilament natural silk material (Black Silk ® ), thickness 4/0, round bodied needle with thread, curvature 3/8 circle "DR 25" (nontraumatic).
In each animal both types of sutures were used, i.e. monofilament in one jaw and polyfilament in another jaw. Each mucoperiosteal flap was sutured with four stitches (with fourfold knot), two in the horizontal, and one in each vertical incision. After suturing, a gauze tampon was placed onto the wound, followed by a digital compression in order to induce hemostasis and to prevent development of hematoma.
The second procedure (Days 2, 5 or 7 upon first surgery, depending on the experimental group), performed in general anesthesia with 10% urethane, encompassed excision of mucoperiosteal portion from the surgery region along with the suture material. The obtained preparations were fixed in 70% alcohol and subjected to histopathological analysis.
To monitor tissue reaction to suture materials the following parameters were used: coagulum formation, presence of polymorphonuclear leukocytes, presence of macrophages and granuloma, formation of epithelial bridge and connective tissue, and presence of fibrous tissue.
Statistical analysis of the obtained results was performed by scaling non-parametric data using Lancaster contingency tables, multivariate and univariate analysis, (MANOVA and ANOVA), and Student's t-test in proportions.
RESULTS
On a day 2 post-surgery presence of coagulum, i.e. fibrous clot, was observed in all animals from the experimental and the control groups (Table 1) .
Identical results were recorded in both groups with respect to the presence of polymorphonuclear leukocytes (in all suture types), presence of granuloma (no evidence of granuloma in neither of the investigated groups), as well as epithelial bridge formation, collagen synthesis and presence of fibrous tissue (observed in neither of the investigated groups). As regard to the presence of macrophages in the wound, they were not observed only in two animals from the experimental group, whereas they were detected in all remaining animals on a day 2 post-surgery. Granulomatous tissue and fibroblasts, however, were not detected in neither animal from the control group, whereas present in all, or almost all, animals in the experimental group (Table 1) . Statistical analysis of the obtained data revealed high statistically significant difference between the experimental and the control group with respect to presence of fibroblasts and granulomatous tissue in the area surrounding the suture material. As regards the presence of macrophages, differences between investigated groups were not statistically significant ( On day 5 post-surgery in all 10 animals from the control and experimental groups the presence of coagulum was observed, i.e. formation of a fibrous clot, as well as presence of polymorphonuclear leukocytes, macrophages, granulomatous and fibrous tissue. Certain differences in tissue reactions were, though, observed with respect to the presence of granuloma in the wound, formation of epithelial bands (epithelial bridge) and connective tissue, as well as collagen synthesis (Table 3) . However, statistical analysis of the obtained results revealed statistically significant difference only for the presence of granuloma in the wound (Table 4 On day 7 post-surgery eight investigated parameters were recorded in all ten experimental animals from both investigated groups (Table 5 ). Minor divergence between the groups was observed only about the presence of granuloma in the wound (noticed only in one case in the control group), yet this difference was not statistically significant (Table 6 ). Comprehensive statistical analysis revealed that on days 5 and 7 both experimental groups exhibited identical characteristics (Table 7) , whereas certain variations were observed in the control group (Table 8) .
Tab. 7 -Distance in the experimental group between all three days post-surgery 
DISCUSSION
Analysis of the obtained results suggests that suturing with monofilament synthetic material (nylon) induces more rapid initiation of reparatory and regenerative processes in the body in comparison with the polyfilament natural material (silk). The aforementioned premise is strongly supported by the facts on the presence of connective tissue, i.e. fibroblasts and granulomatous tissue, in the wound sutured with monofilament material. Similar results after parallel testing of several suture materials, carried out on rats in experimental settings, were reported by O k a m o t o et al. 7, 8 and by other authors. 3, 9, 11, 12 However, the available data do not confirm effects of the applied suture materials on the persistence of fibrous clot in the wound five days post-surgery, or later. Nevertheless, the obtained results strongly indicate the continual progress of reparatory processes involving all cell elements necessary for an undisturbed wound healing in the group, in which monofilament suture material was used.
In the control group, in which polyfilament natural suture material was used, a delayed activation of reparatory processes is observed. Though such processes were not apparent on day 2 post-surgery, the tissue reaction on day 5 was almost completely equal to the reparatory processes observed after application of monofilament nylon suture. Such a delayed, yet intensified tissue reaction, was described by numerous authors. 2, 3, 7, 8, 10, 12 Formation of granuloma, as an inflammatory reaction associated with the occurrence of giant cells surrounding the foreign body on day 5 post-surgery, can be explained because of multifilament silk material that may enable "wicking" of bacterial organisms in the interstices of the braided structure, as well as marked capillary action associated with liquid absorption and volume changes. [4] [5] [6] Comparative postoperative analysis of experimentally created wounds sutured with monofilament or polyfilament suture material confirmed more rapid reestablishment of reparative processes when using monofilament material, reaching the peak value on day 5 and proceeding continually until the end of the investigation period. Application of polyfilament suture material resulted in milder tissue reaction on day 2 post-surgery, reaching the peak value on day 5 and remaining at similar level on day 7 post-surgery, and characterized by slight differences with respect to existence of granuloma. Such observation suggest that polyfilament suture material, after applied into the tissue, induces prolonged and intensive tissue reaction that reaches its peak on day 5 post-surgery. As regards the natural silk material, the tissue reaction is most distinctly reflected through formation of granuloma reach in giant cells, as a reaction to foreign body. This phenomenon is not observed when applying synthetic monofilament suture material.
CONCLUSION
After analyzing the results obtained in experimental model the following conclusions can be made:
1. After placing sutures inside the oral cavity the tissue reaction is manifested as an inflammatory process (even minimal one) occurring from Day 2 to Day 7 post-surgery.
2. After placed into the tissue, the BLACK SILK that belongs to the group of natural polyfilament suture materials produced a prolonged intensive tissue reaction, reaching its peak on Day 5 post-surgery.
3. The most distinct parameter of tissue reaction by using the BLACK SILK was formation of granuloma reach in giant cells associated with the presence of foreign body. Such phenomenon was not observed in monofilament NYLON suture.
4. After placed into the tissue the NYLON, which belongs to the group of synthetic monofilament suture materials, induces short-lasting moderate tissue reaction and rapid reestablishment of reparatory and regenerative processes.
5. After comparing parameters of the intensity or tissue reaction to the investigated suture materials in suturing oral mucosa, we may give certain advantage to the monofilament suture materials. Rezime Istorijski gledano, za zatvarawe i zašivawe hirurških rana korišãeni su najrazliåitiji šavni materijali. U struånoj medicinskoj literaturi opisane su åetiri osnovne karakteristike šavnog materijala: sigurnost åvorova, zatezna snaga, tkivna reakcija i sigurnost rane. Tkivna reakcija prikazana je inflamatornom reakcijom koja se, makar i minimalna, javqa tokom prvih dva do sedam dana nakon aplikacije šavova u tkivo.
Ciq istraÿivawa je bio da se ispita uticaj monofilamentnog materijala za šivewe (Nylon) na intenzitet lokalne tkivne reakcije u eksperimentalnim uslovima i uporedi s istovetnim uticajem upreðenog materijala koji se rutinski koristi u oralnoj hirurgiji (svila).
Ispitivawe predstavqa prospektivnu eksperimentalnu studiju sprovedenu na eksperimentalnim pacovima soja Wistar. Obuhvaãeno je 30 ÿivotiwa kod kojih se u gorwoj vilici kao šavni materijal koristio Black Sylk debqine 4-0, a u dowoj vilici Nylon debqine 4-0. Za praãewe reakcije tkiva na šavni materijal korišãeni su sledeãi parametri: formirawe koaguluma, polimorfonuklearni leukociti, makrofagi, granulom, formirawe epitelnog mosta, formirawe vezivnog tkiva, sinteza kolagena, granulaciono tkivo, fibrozno tkivo.
Komparirajuãi parametre intenziteta tkivne reakcije ispitivanih materijala, nakon suturirawa sluzokoÿe usne šupqine, mogla bi se dati izvesna prednost sintetskim monofilamentnim šavnim materijalima.
